10/524376 




DT05 Rec^ PCT/PTO 1 7 FEB WW 



DESCRIPTION 

Information Display Apparatus and Optical Information Reading Apparatus , 

5 Technical Field 

The present invention relates to an information display apparatus optically 
transmitting coded information and to an apparatus optically reading information from 
the information display apparatus. More specifically, the present invention relates to a 
technique that enables reliable reading of information while improving visual impression 
10 of the information display apparatus . 

Background Art 

A technique of attaching bar codes representing product codes on corresponding 
products beforehand, optically reading the bar codes and retrieving product-related 

15 information from a data base or the like has been widely used. One example is the POS 
(Point of Sales) system, in which bar codes are attached to product tags of products sold 
at a supermarket, and the bar codes are read by a register machine and registered. 
Wide spread use of the POS system eliminated the necessity of code input by an 
operator, and the input itself became more reliable. Such a technique is used in various 

20 fields of commodity management, including books, clothes and groceries. 

Application of bar codes, however, is not limited to such commodity 
management. For instance, the following usage of bar codes has been adopted in 
museums and art galleries. In a museum, for example, a bar code representing a code 
corresponding to a work of art is provided near the exhibited work of art. At the 

25 reception of the museum, an information terminal providing information related to 

exhibited works of art is prepared, and is handed to a visitor. Descriptions of each of 
the works of art are prepared as data in advance and stored in correspondence to the 
codes of respective works, in the information terminal. Further, the information 
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terminal has a bar code reader capable of optically reading the bar code mounted 
thereon. The visitor strolls in the museum with the information terminal in his/her hand, 
and when he/she finds an interesting work, scans a bar code provided on the side of the 
work, and reads the bar coded information by the information terminal. Then, the 
5 information terminal retrieves the description of the work corresponding to the code 
specified by the read bar coded information fi'om a storage device, and displays the 
description on a display. 

Such a system makes it possible to present appropriate description of each of the 
works of art to the visitor, without the necessity of preparing and placing panels on 

10 which descriptions of respective works are written. 

Such a system may be used not only to present descriptions of art works but also 
to provide routing assistance in the museum or art gallery. 

A bar code, however, consists of cold stripes of white and black (or similar d^xk 
color), and not esthetically appealing. Placing a bar code as such close to a work of art 

15 in a museum is not preferable, though it might be helpful for the visitor. 

Conventionally, no consideration has been made as to how such a bar code might be 
used to provide necessary information without spoiling the artistic atmosphere. Such a 
problem turns up not only in bar codes but also in information display apparatuses as a 
whole that display coded information by similar optical processing. 

20 Further, when a user scans the code with the information terminal held in his/her 

hand, the scanning direction may not be always stable. If the bar code is placed to be 
read by horizontal scanning and the scanning direction deviates fi'om the horizontal 
direction, the information would not be correctly read. Such a problem is encountered 
not only where the bar code is fixed and scanned by hand but also where a scanner is 

25 fixed and an object with a bar code swings. 

Disclosure of the Invention 

Therefore, an object of the present invention is to provide an information display 
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apparatus having more preferable appearance. 

Another object of the present invention is to provide an information display 
apparatus having a less tasteless appearance. 

A further object of the present invention is to provide an optical information 
5 reading apparatus capable of correctly reading contents displayed by an optical 

information display apparatus even when positional relation between a scanner and the 
optical information display apparatus such as a bar code varies. 

An additional object of the present invention is to provide an optical information 
reading apparatus capable of correctly reading contents displayed by an optical 
10 information display apparatus such as a bar code even when the direction of light 

scanning the optical information display apparatus slightly deviates from the intended 
direction. 

A still further object of the present invention is to provide an optical information 
reading apparatus capable of correctly reading contents displayed by an optical 
15 information display apparatus such as a bar code even when scanning direction is 
deviated to some extent from the horizontal direction. 

The information display apparatus in accordance with the present invention 
includes: a reflecting plate having a main surface; and a plurality of polarizing plates 
arranged on at least a part of a plurality of areas defined with a predetermined interval 
20 and width on the main surface, each having an axis of polarization equal to any of a 
plurality of different directions; wherein a code is optically transmitted by light beams 
reflected from areas of the main surface on which the plurality of polarizing plates are 
arranged and areas of the main surface on which the polarization plates are not arranged. 

Preferably, the reflecting plate is a retroreflecting plate. Further, the 
25 information display apparatus may include a transparent cover member having a color of 
similar hue to the polarizing plates, provided to cover the main surface and the plurality 
of polarizing plates. 

The iniFormation display apparatus may further include a light shielding plate 
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arranged on at least a part of the plurality of areas. 

Preferably, a surface of the light shielding plate has a color of similar hue to the 
polarizing plates. 

The information display apparatus may further include a plurality of partition 
5 members provided on the main surface of the reflecting plate at a predetermined interval 
to define the plurality of areas. 

Each of the plurality of polarizing plates may be detachably mounted on the 
plurality of areas partitioned by the plurality of partition members. 

According to another aspect, the present invention provides an information 
10 display apparatus including: a reflecting plate having a main surface; a plurality of 
polarizing plates arranged on at least a part of a plurality of areas defined with a 
predetermined interval and width on the main surface, each having an axis of 
polarization equal to any of a plurality of different directions; and a light shielding plate 
having a color of similar hue to the polarizing plates, provided in any of the plurality of 
15 areas where the polarizing plates are not provided; wherein a code is optically 

transmitted by light beams reflected fi-om areas of the main surface on which the 
plurality of polarizing plates are provided. 

The reflecting plate may be a retroreflecting plate. The information display 
apparatus may fiarther include a plurality of partition members provided on the main 
20 surface of the reflecting plate at a predetermined interval to define the plurality of areas. 

Preferably, each of the plurality of polarizing plates and the light shielding plate 
may be detachably mounted on the plurality of areas partitioned by the plurality of 
partition members. 

More preferably, the information display apparatus may further include a 
25 transparent cover member having a color of similar hue to the polarizing plates, 
provided to cover the plurality of polarizing plates and the light shielding plate. 

An optical information reading apparatus according to a further aspect of the 
present invention includes: a plurality of photo sensors for generating a light receiving 
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signal of which amplitude varies in accordance with an amount of incident light of a 
specific wavelength range; a plurality of polarizing plates having mutually different 
predetermined directions of polarization axis, arranged to cover a light receiving surface 
of the plurality of photo sensors; and means for receiving a light receiving signal fi-om a 
5 predetermined first photo sensor among the plurality of photo sensors and for detecting 
existence of a series of valid signal sequence in the light receiving signal fi-om the first 
photo sensor. The first photo sensor is provided with a first polarizing plate having 
polarization axis of a predetermined direction among the plurality of polarizing plates. 
The optical information reading apparatus fiirther includes first determining means 

10 responsive to the series of valid signd sequence for determining a method of decoding a 
signal sequence included in outputs fi"om the plurality of photo sensors; and means for 
decoding the signal sequence included in the outputs fi-om the plurality of photo sensors 
by the determined method of decoding. 

Preferably, the first determining means may include second determining means 

15 for determining a method of decoding a signal sequence included in outputs from the 

plurality of photo sensors based on an amplitude of a signal at a predetermined position 
among the series of valid signal sequence. 

More preferably, the plurality of photo sensors include a plurality of photo 
sensor pairs; polarizing plates provided corresponding to two photo sensors included in 

20 each of the plurality of photo sensor pairs have directions of polarization axes selected 
to cross each other at a predetermined angle; the second determining means includes 
means for selecting any one of the plurality of photo sensor pairs based on an amplitude 
of a signal at a predetermined position among the series of valid signal sequence; and the 
decoding means includes means for decoding one signal sequence from two outputs of 

25 both photo sensors included in the photo sensor pair selected by the selecting means. 
The predetermined angle may be a right angle. 

The decoding means includes means for determining a code based on a 
combination of amplitudes of two outputs of both photo sensors included in the photo 
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sensor pair selected by the selecting means. 

Preferably, the selecting means includes means for selecting any one of the 
plurality of photo sensor pairs based on amplitudes of signals at a plurality of positions 
including predetermined first and second positions, of the series of valid signal sequence. 
5 More preferably, the first position may be the head of the series of valid signal 

sequence, and the second position may be the tail of the series of valid signal sequence. 

More preferably, the optical information reading apparatus may further include 
means for storing a plurality of code tables respectively storing combinations of output 
amplitude combinations from the plurality of photo sensors and corresponding codes. 
10 The first determining means may include means for determining one of the plurality of 

code tables based on an amplitude of a signal at a predetermined position of the series of 
valid signal sequence. The decoding means may include means for converting a 
combination of amplitudes of signals output from the plurality of photo sensors 
simultaneously with the series of vahd signal sequence to a code, using the code table 
15 selected by the selecting means. 

The predetermined angle may be a right angle. 

Preferably, the selecting means includes means for selecting any one of the 
plurality of photo sensor pairs based on amplitudes of signals at a plurality of positions 
including predetermined first and second positions, of the series of valid signal sequence. 
20 The first position may be the head of the series of valid signal sequence and the 

second position may be the tail of the series of valid signal sequence. 

More preferably, the first determining means includes second determining means 
responsive to the series of valid signal sequence, for determining relative positional 
relation between plane of polarization of light incident on the first polarizing plate and 
25 direction of polarization axis of the first polarizing plate and for determining a method of 
decoding a signal sequence included in outputs fi"om the plurality of photo sensors. 

More preferably, the optical information reading apparatus further includes 
means for changing direction of the polarization axis of the first polarizing plate; and 
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means for detecting direction of polarization axis of the first polarizing plate; wherein 
the second determining means includes determining means responsive to the series of 
valid signal sequence and to an output of the detecting means, for determining relative 
positional relation between plane of polarization of light incident on the first polarizing 
plate and direction of polarization axis of the first polarizing plate and for determining a 
method of decoding a signal sequence included in outputs fi-om the plurality of photo 
sensors. 

Brief Description of the Drawings 

Fig. 1 is a schematic diagram of a system in accordance with a first embodiment 
of the present invention. 

Fig. 2 shows an appearance of a bar code apparatus used in the system in 
accordance with the first embodiment of the present invention. 

Fig. 3 is a cross-sectional view of the bar code apparatus used in the system in 
accordance with the first embodiment of the present invention. 

Fig. 4 schematically shows an arrangement of polarizing plates and the like on 
the bar code apparatus used in the system in accordance with the first embodiment of 
the present invention, and a relation between the arrangement and information obtained 
by the light reflected therefi-om. 

Fig. 5 is a block diagram of a portable information terminal used in the system in 
accordance with the first embodiment of the present invention. 

Fig. 6 shows a scope of scanning direction to be the object of processing by the 
system in accordance with the first embodiment. 

Fig. 7 shows a principle of determining a scan direction inclination by the system 
in accordance with the first embodiment. 

Fig. 8 is a flow chart of a program realizing the first embodiment. 

Fig. 9 is a flow chart of a process for determining a photo sensor pair used for 
code determination. 



Fig. 10 is a block diagram of a portable information terminal used in a system in 
accordance with a second embodiment of the present invention. 

Fig. 1 1 schematically shows a table used when a code is determined by the 
system in accordance with the second embodiment of the present invention. 
5 Fig. 12 schematically shows an arrangement of polarizing plates and the like on 

the bar code apparatus used in the system in accordance with the second embodiment of 
the present invention, and a relation between the arrangement and information obtained 
by the light reflected therefrom. 

Fig. 13 is a flow chart of a program realizing the second embodiment. 
10 Fig. 14 is a flow chart of a process for determining a table used for code 

determination. 

Fig. 1 5 is a block diagram of a portable information terminal used in a system in 
accordance with a third embodiment of the present invention. 

15 Best Modes for Carrying Out the Invention 
[First embodiment] 

Fig. 1 is a schematic diagram showing the bar code system in accordance with 
the first embodiment of the present invention. Referring to Fig. 1, system 20 includes a 
bar code apparatus 22 and a portable information terminal 24. Portable information 

20 terminal 24 is capable of emitting a laser beam 26. In the present system, a user moves 
portable information terminal 24 in a horizontal direction by his/her hand, so that laser 
beam 26 scans a space, light 28 reflected from bar code apparatus 22 returns to portable 
information terminal 24, and portable information terminal 24 can read a code 
represented by bar code apparatus 22. Based on the read code, information stored in 

25 advance in portable information terminal 24 is searched for, retrieved and displayed on a 
display apparatus. Though a laser beam is used in the present embodiment, a common 
light beam may be used. 

As shown in Fig. 2, the appearance of bar code apparatus 22 is such that only a 
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cover 42 and a part of a substrate 40 covered by cover 42 are visible, and at one sight, it 
is difficult to recognize the apparatus as a bar code. 

Fig. 3 is a cross-sectional view of bar code apparatus 22. The cross section is 
taken along a chain-dotted line 3-3 of Fig. 2. Referring to Fig. 3, bar code apparatus 
5 22 includes a substrate 40 and a reflecting plate 44, at least a surface 44A of which has 
retroreflective abihty (reflecting at least a part of incident light back in the incident 
direction). A plurality of partition plates 46 are mounted with a predetermined interval, 
on the surface of reflecting plate 44 approximately at a right angle to the surface 44. 

A polarizing plate or a light shielding plate is inserted to a plurality of inserting 

10 portions 50-72 defined by the plurality of partition plates 46. There may be a portion 
or portions to which neither the polarizing plate nor the light shielding plate is inserted. 
In Fig. 3, polarizing plates 80, 86, 92 and 102 have axis of polarization along a 
horizontal direction when bar code apparatus 22 is mounted. Similarly, polarizing 
plates 82, 90, 96 and 100 have axis of polarization along a vertical direction. In 

15 addition, light shielding plates 88 and 98 are inserted to inserting portions 60 and 68, 
respectively. Nothing is inserted to inserting portions 54 and 64. At the portion 
where nothing is inserted, the surface 44A of reflecting plate 44 is exposed, and 
therefore, when light enters, most part of the light is reflected back, in the incident 
direction. On the contrary, light shielding plate 88 is formed of a material that hardly 

20 reflects light. Surface color of light shielding plate 88 is selected to have a hue similar 
to that of other polarizing plates. 

Here, in inserting portions 50 and 72 at opposite ends, polarizing plates 80 and 
102 both having horizontal polarization axes are inserted, respectively. The reason will 
be describe in detail later. Here, polarizing plates 80 and 102 making opposite ends of 

25 bar code apparatus 22 will be hereinafl;er referred to as "markers". 

Over the substrate 40, reflecting plate 44 and polarizing plate and the like, a 
cover 42 is put on, which is transparent but having the same hue as that of the polarizing 
plates used. 
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Fig. 4(a) is a front view of bar code apparatus 22, Fig. 4(b) shows an example of 
the inserting portions on the surface of reflecting plate 44 and corresponding polarizing 
plates or light shielding plates (or the surface of reflecting plate 44), Fig. 4(c) represents 
whether a polarizing plate or a light shielding plate is inserted to respective inserting 
5 portions, as well as the direction of polarization axis where a polarizing plate exists. 

Referring to Fig. 4(c), a horizontal arrow indicates that a polarizing plate having 
a horizontal polarizing direction is provided at the corresponding position. A vertical 
arrow indicates that a polarizing plate having a vertical polarizing direction is provided 
at the corresponding position. A black circle (•) indicates that a light shielding plate is 

10 provided at the corresponding position. A white circle (o) indicates that neither a 
polarizing plate nor a light shielding plate is provided at the corresponding position. 

The light reflected from the inserting portion provided with a polarizing plate 
having a horizontal polarization axis comes to have a horizontal plane of polarization. 
The light reflected from the inserting portion provided with a polarizing plate having a 

15 vertical polarization axis comes to have a vertical plane of polarization. The light 

reflected from an inserting portion without any insertion is not polarized, and includes 
light beams of various polarizing directions. Light is not reflected from an inserting 
portion provided with a light shielding plate. Therefore, by examining whether light is 
reflected or not, whether the reflected light is polarized or not, and which is the direction 

20 of polarization for each of the inserting portions of bar code apparatus 22, it becomes 
possible to retrieve information represented by the arrangement of polarizing plates and 
the like in the inserting portions of bar code apparatus 22. Portable information 
terminal 24 shown in Fig. 1 has such a function. 

Portable information terminal 24 has a plurality of photo sensors for receiving 

25 light beams reflected from bar code apparatus 22, as will be described later, and in front 
of these photo sensors, polarizing plates are attached. When a light beam reflected 
from bar code apparatus 22 has been polarized and polsuization axis of the polarizing 
plate provided on a photo sensor matches the direction of the plane of polarization of 
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the reflected light beam, an output of the photo sensor increases, and when the 
polarization axis and the direction are orthogonal, the output of the photo sensor almost 
vanishes. In the middle, an output corresponding to the angle is provided. If the 
reflected light beam is free of polarization, that is, when the light is reflected from an 
5 inserting portion where neither the polarizing plate nor the light shielding plate is 

provided, a constant output is provided, regardless of the direction of polarization of the 
polarizing plate on the photo sensor. Light is not reflected from an inserting portion 
where a light shielding plate is inserted, and therefore, the photo sensor does not provide 
any output. 

10 Figs. 4(d) and 4(e) schematically represent signal waveforms output from a 

photo sensor with a horizontal polarizing plate and a photo sensor v^th a vertical 
polarizing plate, respectively, in response to light beams reflected from bar code 
apparatus 22 having an arrangement of polarizing plates and light shielding plates such 
as shown in Fig. 4(c). Figs. 4(f) and (g) respectively represent binary codes obtained 

15 by thresholding these signal waveforms with a certain threshold. When these codes are 
joined in line, 2-digit codes corresponding to the arrangement of Hght shielding plates 
and the like shown in Fig. 4(b) can be obtained. The result is as shown in Fig. 4(h). 

Referring to Fig. 4(h), code "00" is obtained from an inserting portion to which a 
light shielding plate is inserted, and a code "11" is obtained from an inserting portion to 

20 which neither the polarizing plate not the light shielding plate is inserted. It can be seen 
that a code "01" is obtained from an inserting portion in which a polarizing plate with a 
horizontal polarization axis is provided, and a code "10" is obtained from an inserting 
portion in which a polarizing plate with a vertical polarization axis is provided. 
Therefore, information of 2 bits can be obtained per one inserting portion which is set to 

25 either one of four settings (polarizing plate with horizontal polarization axis, polarizing 
plate with vertical polarization axis, light shielding plate and no polarization plate), such 
as shown in Fig. 4(b). 

Fig. 5 is a block diagram of portable information terminal 24. Referring to Fig. 
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5, portable information terminal 24 includes: a laser emitter 110 emitting a laser beam 
with no specific polarization axis, such as a random polarization laser beam of a specific 
wavelength range; six photo sensors 132, 134, 136, 138, 140 and 142 receiving the light 
of the wavelength of the laser beam fi-om laser emitter 110; polarizing plates 112, 114, 
5 1 16, 1 1 8, 120 and 122 arranged in fi-ont of the photo sensors respectively, and having 
polarization axes of mutually different directions, as will be described later; a light 
receiving circuit 150 receiving outputs of photo sensors 132 to 142 and performing 
analog/digital conversion and quantization; a memory 1 54 storing information associated 
with specific codes beforehand; an input/output apparatus 156 including a liquid crystal 

10 display, an input button and the like; and a microcomputer (hereinafl:er referred to as 
micon) 152 decoding a code represented by bar code apparatus 22 based on an output 
fi-om light receiving circuit 150, retrieving information corresponding to the code fi-om 
memory 154 and outputting through input/outputting apparatus 156. Input/output 
apparatus 156 includes a button, not shown, for operating laser emitter 110. At the 

15 time of scanning, the user moves portable information terminal 24 in the horizontal 
direction while pressing the button, and scans bar code apparatus 22. 

Polarizing plates 112 and 1 14 have vertical and horizontal polarization axes, 
respectively, when viewed from the fi"ont side. Polarizing plates 116 and 118 have 
polarization axes rotated by 30 degrees counterclockwise when viewed fi-om the photo 

20 sensor side, fi-om the polarization axes of polarization plates 112 and 114, respectively. 
Polarizing plates 120 and 122 have polarization axes rotated by 30 degrees clockwise 
when viewed fi-om the photo sensor side, fi*om the polarization axes of polarization 
plates 112 and 114, respectively 

Generally, in a system such as shown in Fig. 1, bar code apparatus 22 is arranged 

25 widthwise. Therefore, the operator also scans approximately in the horizontal direction. 
As it is a human operation, the scanning may not be perfectly horizontal. Therefore, 
some consideration must be made to allow correct reading of bar code apparatus 22 
even when the direction deviates to some extent fi-om the horizontal direction. 
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Though perfectly horizontal scanning may be difficult, generally, it may be the 
case that scanning direction is not very much deviated from the horizontal direction. 
Therefore, here, appropriate reading is made possible as long as the scanning direction is 
within ±30 degrees from the horizontal direction, as shown in Fig. 6. Such a process 
5 is realized by a program executed by micon 152 shown in Fig. 5. 

In the present embodiment. Referring to Fig. 7, when the scanning direction is 
within a range 160 of ± 15 degrees from the horizontal direction, outputs from photo 
sensors 132 and 134 are used. When the scanning direction is in the range 162 of + 15 
to + 30 degrees from the horizontal direction, outputs from photo sensors 136 and 138 

10 are used. When the scanning direction is in the range 160 of - 15 to - 30 degrees, 

outputs from photo sensors 132 and 134 are used. In order to appropriately perform 
such a processing, provision of a "marker" formed by a polarizing plate having a 
horizontal polarization axis inserted to the inserting positions of opposing ends of bar 
code apparatus 22 is utilized. Details will be described later. 

15 Fig. 8 is a flow chart representing a control structure of the program executed by 

micon 1 52 of the present embodiment. Referring to Fig. 8, micon 152 waits for an 
input from light receiving circuit 150 (200). When there is an input, micon starts 
SEimpling of outputs from light receiving circuit 150 (202), and for a prescribed time 
period, repeats sampling at a prescribed time interval. The sampling interval here is 

20 selected such that, assuming that bar code apparatus 22 is at a distance of about 10 
meters, 20 or more samples could be obtained per one inserting portion when a user 
manually scans bar code apparatus 22. 

After the prescribed time period, output samples from photo sensor 1 14 is 
analyzed to determine whether at least two pulses could be found, that are considered to 

25 be light beams reflected from one inserting portion (206). As described above, 

polarizing plates having horizontal polarization axis are provided at opposing ends of 
bar code apparatus 22, and therefore, when normal scanning takes place, it naturally 
follows that two or more reflected light beams are detected by photo sensor 134. 
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When there are two or more pulses, the output from photo sensor 1 14 is determined to 
include a valid signal sequence, and control proceeds to step 208. If two or more 
pulses cannot be detected, the output of photo sensor 1 14 is determined not to include a 
valid signal sequence, and therefore, buffer contents are erased (220) and control returns 
5 to step 200. 

When two or more pulses are detected, time lapse from the head to the tail of the 
valid samples among the outputs of photo sensor 1 14 is calculated, to find the time per 
one inserting portion (one bar) (208). Assuming that the time lapse from the head to 
the tail of valid samples is 0.12 sec, the time per one bar would be 0.01 sec, as there 

10 are 12 inserting portions in b2ir code apparatus 22. 

Next, of the outputs of photo sensors 134, 138 and 142, samples of the portions 
corresponding to the markers at opposing ends are checked (210). In the present 
embodiment, simply, an average value of sample values of the portions corresponding to 
the markers at opposing ends is calculated, from the photo sensor outputs. 

15 In step S212, one of photo sensors 134, 138 and 142 that has the largest average 

value calculated in step S210, and a photo sensor provided with a polarization plate 
having a polarization axis orthogonal to the polarization axis of that photo sensor are 
determined to be a photo sensor pair used for determining the code later. When the 
marker output of photo sensor 134 is the largest, photo sensors 134 and 132 are 

20 selected as the pair. When the marker output of photo sensor 138 is the largest, photo 
sensors 138 and 136 are selected as the pair. When the marker output of photo sensor 
142 is the largest, photo sensors 142 and 140 are selected as the pair. 

In step 214, based on the output of the photo sensor pair determined in step 
S212, a process for determining the code represented by bar code apparatus 22 is 

25 performed, in the manner as described with reference to Fig. 4. At this time, the code 
corresponding to the marker portion is neglected. 

In step 216, information corresponding to the code determined in this manner is 
retrieved from memory 154, and the information is displayed through input/output 
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apparatus 156 in step 218. When the display ends, the buffer is erased (220), and the 
control returns to step 220. 

Fig. 9 shows details of the process executed in step 212 of Fig. 8. Referring to 
Fig. 8, first, as default values of photo sensor pair to take out the code, first pair of 
5 photo sensors 132 and 134 is selected (242). Thereafter, in step 210, whether the 

average value a2 calculated for the marker outputs of a second pair of photo sensors 136 
and 138 exceeds the average value ai calculated for the marker outputs of the first pair 
of photo sensors 132 and 134 or not is determined. If a2 > ai, the second pair of photo 
sensors 136 and 138 is selected in step S246, and the process ends. 
10 If the relation a2 > ai does not hold, whether the average value as calculated for 

the marker outputs of a third pair of photo sensors 140 and 142 exceeds the average 
value ai calculated for the marker outputs of the first pair of photo sensors 132 and 134 
or not is determined. If as > ai, the third pair of photo sensors 140 and 142 is selected 
and the process ends. 

15 Thus, the process for determining the photo sensor pair ends. As described 

above, at every scanning, the photo sensor pair for code detection is determined based 
on the marker output. Thus, even when the scanning direction deviates to some extent 
fi-om the horizontal direction, it is possible to correctly read the bar code. 

Referring to Fig. 1, bar code apparatus 22 and portable information terminal 24 

20 having such structures operate in the following manner. Laser emitter 110 generates 
and emits a laser beam. It is assumed that the laser beam is not polarized to a specific 
plane of polarization. Among the inserting portions of bar code apparatus 22, at a 
portion not provided with any polarization plate or light shielding plate, most of the light 
is reflected by the retroreflecting plate, and as a result, the reflected light beam enters 

25 the photo sensor through corresponding polarizing plate. At an inserting portion 
where a polarizing plate is provided, only the light having the plane of polarization 
matching the direction of polarization axis of the polarizing plate is reflected and enters 
the corresponding polarizing plate, so that light having an amount corresponding to the 
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combination of the direction of polarization of the incident light and the direction of 
polarization axis of the polarizing plate enter the photo sensor. Specifically, most of 
the light is transmitted through a polarizing plate of which direction of polarization axis 
relatively matches the direction of polarization of the incident light, while the light is 
5 intercepted by a polarizing plate of which direction of polarization axis relatively crosses 
the direction of polarization orthogonally. When the relative directions between the 
two is in the middle, the amount of light entering the photo sensor varies in accordance 
with the angle. At an inserting portion provided with a light shielding plate, light is not 
reflected, and therefore, no light enters the photo sensor, 

10 As the user scans the bar code by moving portable information terminal 24 

substantially horizontally, light beams (if any) reflected fi*om respective inserting 
portions enter respective photo sensors in turn. In the present embodiment, the 
description is based on an assumption that scanning is in clockwise direction. If 
scanning were done in the opposite direction, digits of the resulting code would be 

15 reversed. Therefore, in the present embodiment, the user must be well informed of the 
necessity to scan clockwise. Alternatively, the code may be made symmetrical, so that 
the code can appropriately be read no matter in which direction the code is scanned. 

Each photo sensor applies an analog output signal corresponding to the amount 
of incident light to light receiving circuit 150. Light receiving circuit 150 successively 

20 digitizes the analog signals and applies the resulting values to micon 152, 

Referring to Fig. 8, when activated, micon 152 monitors whether there is an 
output from light receiving circuit 150 or not (200). When there is an input fi-om light 
receiving circuit 150, micon 152 samples the values for each photo sensor. After a 
prescribed time period, sampling ends (204), and whether two or more pulses 

25 considered as inputs from the inserting portions exist in the outputs of photo sensor 1 14 
or not is determined. If it is determined that there is not, the buffer is erased (220) and 
again, the micon waits for an input (200). 

The following description is on the assumption that there are two or more inputs. 
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In step 208, the time per one bar is calculated. Assume that the time interval between 
the head and tail of the valid input from photo sensor 134 is 0.12 sec. In step 208, this 
time is divided by the number (12) of bars on bar code apparatus 22. Therefore, the 
time per bar is calculated to be 0.01 sec. In step S210, among the outputs of photo 
5 sensors 134, 138 and 142, average value of the signal values at the first and last 0.01 
seconds (signals corresponding to the marker) is calculated, photo sensor by photo 
sensor. In this example, it is assumed that the scanning is performed at such an angle 
as represented by the chain-dotted line 166 of Fig. 7. The chain-dotted line 166 
belongs to the range 162. In this case, the average value of the outputs from photo 

10 sensor 138 becomes the largest. In step 212, therefore, the pair of photo sensors 138 
and 136 is selected as a reference to determine the code. 

In step 214, based on the outputs of photo sensors 136 and 138, the read code is 
determined in accordance with the code table shown in Fig. 4. 

In step 216, using the series of codes as a key, data in memory 154 is accessed, 

15 and the corresponding information is retrieved. In next step 218, the information is 
displayed, and then the flow again returns to step 200 to wait for the next scanning. 

As described above, in the present embodiment, the portion constituting the bars 
of bar code apparatus 22 is formed by inserting portion or portions provided with 
polarizing plate of different polarization directions, inserting portion or portions 

20 provided with light shielding plates, and inserting portion or portions provided with 

neither of these. As for the color of light shielding plate, one having the same hue as 
the color of polarizing plate is used. Therefore, different from a typical bar code 
printed in white and black, it will not be recognized at one sight as a bar code. Further, 
a light transmitting cover of the same hue as the polarizing plate is provided on the 

25 entire upper surface of reflecting plate 44, and therefore, an inserting portion provided 
with nothing cannot readily be distinguished from a portion provided with a polarizing 
plate or a light shielding plate, when viewed. As a result, the apparatus is not so 
tasteless as a conventional bar code, and hence, it does not spoil the atmosphere even 
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when placed, for example, on the side of a work of art at a museum. 

Further, bar code apparatus 22 of the present embodiment has an inserting 
portion not provided with any plate. Therefore, a cover becomes necessary to realize 
color matching with other portions. When the tone of the reflecting plate itself is in 
5 similar hue to that of the polarizing plate and the light shielding plate, however, the 

cover is unnecessary. Further, when the inserting portion not provided with any plate 
is not used, the cover is unnecessary. In that case, however, number of bits that can be 
expressed by one bar becomes smaller. 

In bar code apparatus 22 of the present embodiment, polarizing plates having the 
10 polarization axes of the same direction are provided at inserting portions at opposing 
ends. Therefore, every time a code is to be decoded, scanning direction is estimated 
using outputs of photo sensors 134, 138 and 142 for the inserting portions at the 
opposing ends, and an appropriate pair of photo sensors can be used. In other words, 
appropriate calibration is possible for every scanning, and even when the scanning 
15 direction fluctuates to some extent, bar codes can be read correctly. 

In bar code apparatus 22 of the present embodiment, polarizing plates having the 
polarization axes of the same direction are provided at inserting portions at opposing 
ends. Where it is guaranteed that the scanning direction is always the same, similar 
calibration as in the present embodiment becomes possible by providing a polarizing 
20 plate having a polarization axis of a prescribed direction only at one of the opposing 
ends, for example, only at the bar portion at the head. 
[Second Embodiment] 

Fig. 10 is a block diagram of portable information terminal 264 used in the 
system in accordance with the second embodiment of the present invention, together 
25 with a bar code apparatus 262 used in the system. Portable information terminal 264 
and bar code apparatus 262 may be used in place of portable information terminal 24 
and bar code apparatus 22, respectively, of the first embodiment. 

The structure of bar code apparatus 22 in accordance with the second 
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embodiment is approximately similar to that of the first embodiment, except that the 
polarizing plates used have polarization axes of wider variety. Specifically, as shown in 
the leftmost column of the table shown in Fig. 11, polarizing plates used in bar code 
apparatus 262 of the present embodiment have axes of polarization in the horizontal 

5 direction, and in directions rotated counterclockwise by 30, 60, 90, 120 and 150 degrees, 
successively therefrom. In combination with the use of light shielding plate or no plate, 
one inserting portion can express one of 8 values, and therefore, one bar can express 3 
bits. 

Again referring to Fig. 10, portable information terminal 264 is different fi*om 

10 portable information terminal 24 of the first embodiment in a portion for determining 

which of the photo sensor pairs is to be used and a portion for decoding the code, of the 
program executed by micon 152. Further, in place of memory 154 of the first 
embodiment, code tables 272A-C used by the program executed by micon 152 and a 
memory 270 storing information corresponding to the codes are used, as will be 

15 described later. Except for these points, portions corresponding to those shown in Fig. 
2 are denoted by the same reference characters, and these portions have the same 
Sanctions. Therefore, detailed description thereof will not be repeated here. 

Fig. 1 1 shows an example of a code table 272A used in the present embodiment. 
In the present embodiment, when a code is to be determined, outputs of all photo 

20 sensors are used. The outputs of the photo sensors, however, differ depending on the 
scanning direction. Therefore, in the present embodiment, different coding methods 
are used for different scanning directions. For this purpose, in the present embodiment, 
codes corresponding to combinations of photo sensor outputs are prepared in the form 
of tables, and a plurality of tables are prepared for different scanning directions. An 

25 appropriate table is selected and used in accordance with the actual scanning direction. 

Fig. 1 1 shows inclinations of polarization axes of the polarizing plates on 
respective bars of bar code apparatus 262 on the abscissa, inclinations of polarization 
axes of the polarizing plates provided in front of respective photo sensors on the 
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ordinate, and photo sensor outputs corresponding to respective combinations in the 
form of a table, assuming that the scanning is almost horizontal. On the abscissa, a 
black circle (•) indicates that a light shielding plate is used, and a white circle (o) 
indicates that neither a polarizing plate nor a light shielding plate is used, respectively. 
5 On the right most end of code table 272A, codes corresponding to the combinations of 
outputs on the right are indicated. In the present embodiment, the values in the table of 
Fig. 1 1 assume any of 0 to 3. Namely, the photo sensor outputs are quantized such 
that the maximum value corresponds to 3, no output corresponds to zero and outputs in 
the middle are divided into two and represented by 1 and 2, respectively. Quantization 

10 will be described later. 

As described above, the table is used when scanning is performed almost 
horizontally. Code tables 272B and 272C, which are used when scanning direction is 
inclined, can be prepared by shifting each row of the values in central column of code 
table 272A, except for the rows corresponding to • and o, to the preceding or 

15 succeeding direction one by one in a circulating manner. 

Fig. 12(a) shows bar code apparatus 262 used in the present embodiment, 
viewed from the front side. Similar to the first embodiment, in bar code apparatus 262, 
the shielding plate and the polarizing plate are of similar colors, and a transparent cover 
having a similar hue to the polarizing plate is provided on the entire body. Therefore, 

20 the appearance is different from a conventional bar code. Bar code 262 does not seem 
at one sight as tasteless as a conventional one. Therefore, it does not spoil the 
atmosphere even when placed, for example, on the side of a work of art at a museum. 

Fig. 12(b) shows an arrangement of corresponding inserting portions 280 to 302. 
Fig. 12(c) shows examples of the directions of polarization axes of polarizing plates in 

25 respective inserting portions. As in Fig. 4, a black circle (•) indicates that a light 

shielding plate is used, and a white circle (o) indicates that neither a polarizing plate nor 
a light shielding plate is used. 

Fig. 12(d) schematically shows signal output waveforms, when scanning is done 
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exactly in the horizontal direction and light beams having polarization planes shown in 
Fig. 12(c) enter polarizing plates having vertical axis of polarization, obtained from 
photo sensors corresponding to respective polarizing plates. Similarly, Fig. 12(e) 
schematically shows signal output waveforms, when light beams having polarization 
planes shown in Fig. 12(c) enter polarizing plates having horizontal axis of polarization, 
obtained from photo sensors corresponding to respective polarizing plates. 

Cases where the direction of polarizing plane of the incident light is the same as 
the direction of axis of polarization of the polarizing plate in front of the photo sensor 
and where the directions are orthogonal to each other have been described above. Figs. 
12(d) and (e) represent method for quantization including other cases. Generally, 
when lines along the two directions form an angle of 30 degrees, the intensity of light 

entering the photo sensor will be about (V3)/ 2 « 0.866 times the maximum value, 

and when the angle is 60 degrees, the intensity is about 0.5 times the maximum value. 
Therefore, in the present embodiment, the maximum value M of the input is used as a 
reference, and values 0.3 times, 0.7 times and 0.9 times the maximum value are used as 
thresholds. When an input value X satisfies X < 0.3M, the value is regarded as 0; 
when 0 < X < 0.7M, the value is regarded as 1; when 0.7M < X < 0.9M, the value is 
regarded as 2; and when 0.9M < X, the value is regarded as 1. In Fig. 12, (f) and (g) 
represent numbers obtained in this manner from the waveforms of (d) and (e). It is 
naturally understood that different thresholds may be used. 

In bar code apparatus 262 of the present embodiment, the direction of 
polarization axis of polarizing plates at opposing ends is horizontal, as in the case of the 
first embodiment. In the present embodiment, a polarizing plate having the direction of 
polarization axis rotated counterclockwise by 30 degrees from the horizontal direction is 
always arranged at the second from left position when viewed from the front side. 
Further, a polarizing plate having the direction of polarization axis rotated clockwise by 
30 degrees from the horizontal direction is always arranged at the second from right 
position when viewed from the front side. In determining the scanning direction to 
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select the table to be used for code determination, outputs from these polarizing plates 
are used as markers. 

Fig. 13 is a flow chart representing a control flow of the program executed by 
micon 152 in the system of the second embodiment. Referring to Fig. 13, steps in 
5 which similar processes as in the example of Fig. 8 are performed are denoted by the 
same reference characters, and detailed description thereof will not be repeated. The 
overall flow is also similar to that of Fig. 8, and therefore, only the different steps will be 
described in detail here. 

The program having such a control flow as shown in Fig. 13 differs from that of 

10 Fig. 8 in that in place of steps 210, 212 and 214 of Fig. 8, the flow includes the step 310 
of checking markers, the step 3 12 of determining a table to be used for code 
determination from code tables 272A to 272C in accordance with the result of marker 
check, and the step 3 14 of determining the code using the table selected in step 312. 

In step S3 10, different from the first embodiment, of the outputs of photo sensor 

15 134, the combination of outputs (markers) from portions corresponding to two bars at 
the head and two bars at the tail, respectively, of bar code apparatus 262 are checked. 
When scanning is substantially horizontal, the combination of these four markers (four 
values successively from the left most one when viewed from the front side) will be 
"3223". When scanning is inclined counterclockwise by 30 degrees, the combination 

20 will be "23 12". When scanning is inclined clockwise by 30 degrees, the combination 
will be "2132". Therefore, depending on the combination, the scanning direction can 
be determined. 

Referring to Fig. 14, the process performed in step 312 of Fig. 13 will be 
described. First, in step 330, the first code table 272 A is set as a default table. 
25 Thereafter, in step 332, whether the combination of four markers described above is 

"23 12" or not is determined. If the combination is "23 12", in step 334, it is determined 
that the second code table 272B prepared beforehand for the scanning direction inclined 
counterclockwise by 30 degrees is to be used, and the process ends. If the combination 
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is not "23 12", whether the combination is "2132" or not is determined in step 336. If 
the combination is "2132", in step 338, it is determined that the third code table 272C 
prepared beforehand for the scanning direction inclined clockwise by 30 degrees is to be 
used, and the process ends. 

The structure of the second embodiment of the present invention is as described 

above. 

In the following, the operation of the system in accordance with the second 
embodiment will be described. The overall operation is the same as that of the first 
embodiment, and therefore, only the operation fi*om step 3 10 to step 3 14 of Fig. 13 will 
be described. 

In step 310, the combination of values corresponding to the markers among the 
outputs of photo sensor 134 is checked. Here, it is assumed that the combination is 

"2132". 

In step 312 of Fig. 13, determination is as follows. In step 330 of Fig. 14, the 
first table is set as a default table. The result of determination of step 332 is "NO", and 
therefore, the control proceeds to step 336. In step 336, the result of determination is 
"YES". Therefore, in step 338, it is determined that the third table 272C is to be used. 

In step 314 of Fig. 13, code is determined using the third code table 272C. The 
third table 272C is obtained by shifting one stage forward, in a circulating manner, the 
rows in the central column of the first table 272A except for the rows corresponding to 
• and o. Now, assume that the outputs of photo sensors 132 to 134 are quantized to 
"213012". This corresponds to a code "010", and thus, the code is determined. 

Operation after step 216 is the same as that of the first embodiment. Therefore, 
detetiled description will not be repeated here. 

As described above, in the present embodiment, prescribed polarization 
directions are ensured at two bars each on the left and right ends of bar code apparatus 
262, to enable detection of inclination in scanning direction at the time of scanning, and 
a table is selected in accordance with the detected inclination to enable correct coding. 
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Specifically, in the present embodiment also, the inclination of scanning can be corrected 
at every scanning as in the first embodiment, and thus, correct information can be 
obtained. 

Further, in bar code apparatus 262 of the present embodiment also, the colors of 
5 the shielding plates and the cover are so selected that the apparatus is not readily be 

recognized as a bar code apparatus. Thus, it does not spoil the atmosphere even when 
placed, for example, on the side of a work of art at a museum. 
[Third Embodiment] 

Fig. 1 5 is a block diagram of a portable information terminal 350 used in the 

10 system in accordance with the third embodiment of the present invention. Portable 
information terminal 350 may be used in place of portable information terminal 264 of 
the second embodiment. 

The structure of bar code apparatus 350 in accordance with the third 
embodiment is approximately the same as that of the second embodiment, and the 

15 difference resides in that the apparatus additionally includes a photo sensor 362, a 

polarizing plate 360 arranged to cover a light receiving surface of photo sensor 362 and 
rotatable about an axis vertical to the light receiving surface of photo sensor 362, a 
motor 364 controlled by micon 152 for rotating polarizing plate 360, and an encoder 
366 detecting the angle of rotation of polarizing plate 360 fi-om the rotation of the 

20 rotating shaft of motor 364 and applying the detected result to micon 152. 

In the present embodiment, the angle of rotation of polarizing plate 360 is 
detected when the output of photo sensor 362 becomes the largest, so that the angle 
between the scanning direction and the direction of arrangement of inserting portions of 
bar code apparatus 262 can directly be detected. As an appropriate code table is 

25 selected in accordance with the detected angle, similar operation as the portable 

information terminal 264 of the second embodiment can be attained. Except for this 
point, the terminal of the third embodiment is the same as that of the second 
embodiment. Therefore, detailed description thereof will not be repeated. 
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In the bar code apparatuses of the above described embodiments, a cover is 
provided on the entire body, so that portions provided with neither the polarizing plate 
nor the light shielding plate is not very visible. The present invention, however, is not 
limited thereto. By way of example, when transparent synthetic resin, glass or the like 
of a color similar to that of the polarizing plate is used, light without any polarization 
can be reflected, different from the polarizing plate. Therefore, in that case, use of the 
cover is unnecessary. It is also the same when a film of a similar color is adhered on 
the surface of transparent synthetic resin, glass or the like. 

In the embodiments above, the direction of polarization axis of the polarizing 
plate is changed by 30 degrees fi-om the horizontal direction. The present invention, 
however, is not limited to such embodiments. By way of example, the inclination angle 
may be 45 degrees. When a plurality of angles are used, the axis of polarization of the 
polarizing plate may be changed not at a constant angular interval but at various 
different angular intervals. In the embodiment above, the angle of change in the 
direction of polarization axis of the polarizing plate on the bar code apparatus matches 
the direction of polarization axis of the polarizing plate arranged in front of the photo 
sensor of the portable information terminal. This is because such arrangement 
simplifies preparation of tables and calculation of threshold values. It is unnecessary to 
make these directions match, if computational load is tolerable. 

Though a number of photo sensors are used in the portable information terminal, 
the present invention is not limited to such embodiments. By way of example, similar 
embodiments can be realized using only one or two photo sensors. In that case, the 
polarizing plate positioned in fi-ont of the photo sensor or sensors is rotated, the angle of 
rotation is detected by an encoder or the like, and the sampling timing is adjusted to 
match a specific angle, so that similar effect as attained by the embodiments above using 
six photo sensors can be attained. 

Though six photo sensors are used in the embodiments above, the number of 
photo sensors is not limited to six. Further, though outputs of a photo sensor pair 
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corresponding to polarizing plates having orthogonally crossing polarization axes are 
used for detecting inclination and for determining codes, the present invention is not 
limited to such embodiments. By way of example, an embodiment may be possible in 
which three sets of photo sensors with corresponding polarizing plates having mutually 
5 different directions of polarization angle are used, and the number of photo sensors 
generally used is not specifically limited, but for one. 

Though bar code apparatuses have been described in all the embodiments above, 
the present invention is not Umited to a so called bar code apparatus. The present 
invention is applicable to any arrangement that allows optical reading of coded 
10 information, by placing figures representing coded information at predetermined 

positions. By way of example, polarizing plates may be arranged two-dimensionally, 
and the polarizing plates may be scanned by a plane-beam, so that two-dimensional 
coded information can be read. The portion corresponding to each bar need not be of 
a rectangular shape. 

15 When information is displayed two-dimensionally, planer shape can be read by 

one scanning, and therefore, graphic processing is possible based on the read data. As 
a result, it becomes unnecessary that the portions corresponding to respective bars are 
arranged on a line. For instance, these portions may be arranged in a circle. 

In the embodiments above, a retroreflective plate has been described as an 

20 example of the reflecting plate of the bar code apparatus. The present invention, 

however, is not limited thereto. Any light reflecting member may be used. By way of 
example, paper or cloth may be used. Further, the reflecting plate is not limited to a 
sheet-type member, and any member having a surface that can reflect light at a certain 
efficiency may be used. 

25 The bar code apparatus of the present invention may be implemented on a sheet 

of paper using printing technique. This means that a bar code or similar information 
display apparatus can be provided on a surface of securities, including exchange 
coupons, bank notes, postage stamps, revenue stamps and capital stock certificates. 
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The present information display apparatus enables recording of a code, even the position 
of which cannot be visually recognized but can be read by a specific information reading 
apparatus, on securities and the like. This effectively prevents counterfeit of securities. 

5 Industrial Applicability 

The present invention relates to an information display apparatus and an 
information reading apparatus that can surely transmit optical information while not 
recognized by a viewer to be an optical information apparatus. Thus, the present 
invention can be applied to a system for transmitting information to general users of a 
10 museum or art gallery without spoiling artistic atmosphere, a system for transmitting 
information in secret, or a system to guarantee genuine goods and the like. 
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